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http://dx.doi.org/10.1016/j.jmii.2012Background: Nasal irrigation has been used as adjunctive therapy for sinonasal disease but is
under-researched in children. The study aim was to evaluate the effectiveness of nasal irriga-
tion with normal saline in the management of acute sinusitis in atopic children.
Methods: We enrolled 60 atopic children with acute sinusitis, of whom 29 received nasal irriga-
tion with normal saline and 31 did not receive nasal irrigation. All participants underwent a nasal
peak expiratory flow rate (nPEFR) test, a nasal smear examination, and radiography (Water’s
projection) and were requested to complete a Pediatric Rhinoconjunctivitis Quality-of-Life
Questionnaire (PRQLQ) during the baseline visit. All participants were requested to record
symptoms in a daily diary andwere followed up at 1-week intervals. A physical examination, nasal
smear, and nPEFR were performed at each visit, and all daily diaries were collected. At the final
visit (after 3 weeks), the symptom diaries were reviewed and participants were requested to
complete the PRQLQ again. nPEFR, radiography, and a nasal smear were also repeated.
Results: Therewere significant improvements inmean PRQLQ and nPEFR values (p< 0.05) for the
irrigation compared to the non-irrigation group. There was no significant difference in radio-
graphic findings between the groups (p> 0.05). The irrigation group recorded significant improve-
ments in eye congestion, rhinorrhea, nasal itching, sneezing, and cough symptoms comparedwith
the non-irrigation group.
Conclusion: Nasal irrigation is an effective adjunctive treatment for acute sinusitis in atopic chil-
dren.
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meniscus in the sinus or complete opacity) of one or bothAtopy in children is a state in which specific IgE antibodies
to common aeroallergens are produced that may be
detected by a skin prick test (SPT) or radio-allergosorbent
test. The role of allergic sensitization is clear in rhinosi-
nusitis, especially chronic sinusitis,1 rhinoconjunctivitis and
asthma. Rachelefsky et al reported that 54% of children
with respiratory allergy had sinusitis as assessed by sinus
radiography.2 In 1992, Furukawa analyzed this study and
a number of other investigations published only as
abstracts, and estimated a concordance between allergy
and sinusitis ranging from 25% to 70%.3 A study in Thailand
revealed that in 100 children with clinically diagnosed
sinusitis and with abnormal paranasal sinus X-rays (the
maxillary sinus was involved in 99% and the ethmoid sinus in
91% of cases), a positive skin test to common aeroallergens
was found in 53% of patients.4 We previously found that 27
of 66 (40.9%) children with acute sinusitis were atopic.5
Sinusitis is a very common condition in children. The main
symptoms associated with rhinosinusitis in children are
cough (during the day or night, but generally worse at
night), rhinorrhea, nasal obstruction, mouth breathing,
hyponasal speech, and snoring. The rhinorrhea can be
purulent but may be clear, minimal, or absent with severe
congestion.6
Several studies have documented interesting results
using nasal irrigation as an adjunctive treatment modality
in many sinonasal diseases (including acute and chronic
sinusitis) and allergic rhinitis.7e13 Nasal irrigation is an
inexpensive, patient-controlled therapy that flushes the
nasal cavity with saline solution, facilitating washing of the
structures within. It augments mucociliary flow, liquefies
tenacious mucus, soothes irritated tissue, augments repair
processes, reduces forceful nose blowing, and improves
olfaction. Our previous study demonstrated that nasal irri-
gation with normal saline is effective in the management of
acute sinusitis in children.5 Some studies have suggested
that atopic patients with sinusitis suffer more severe
symptoms and radiological status.14e16 Moreover, it has
been shown that atopic children are a high-risk group for
the development of allergic diseases.17 The purpose of this
study was to evaluate the effectiveness of nasal irrigation
with normal saline in the management of acute sinusitis in
atopic children.Materials and methods
Participants
The study was conducted at the Division of Allergy, Asthma
and Rheumatology, Department of Pediatrics, Chung Shan
Medical University Hospital, Taichung, Taiwan between
December 2006 and August 2009. Approval for the study
was granted by the Chung Shan Medical University Hospital
Institutional Review Board and written informed parental
consent was obtained before commencing the study. The
inclusion criteria were as follows: (1) a history of recent
upper respiratory infection and purulent nasal discharge
and/or cough (usually nocturnal) for more than 7 days; (2)abnormal findings (mucosal swelling, a horizontal fluid
maxillary sinuses according to Water’s projection; (3)
positive SPT findings for common inhalant allergens; and (4)
a positive atopy history (included atopic dermatitis,
asthma, and allergy rhinitis) based on personal history.
Patients with severe symptoms (longer than 3 months),
a history of any nasal or adenoid surgery, and those with
probable complications (e.g., periorbital swelling) were
excluded. Sixty atopic children with acute sinusitis aged
3e12 years met the inclusion criteria for the study.
Study design
All participants underwent a physical examination, nasal
peak expiratory flow rate (nPEFR) test, nasal smear exam-
ination, and radiography (Water’s projection) and were
requested to complete the Pediatric Rhinoconjunctivitis
Quality-of-Life Questionnaire (PRQLQ) during the baseline
visit. This was a randomized, prospective, placebo-
controlled study. The participants were randomly divided
into two groups: 29 of the 60 participants received standard
treatment (including systemic antibiotics, mucolytics and
nasal decongestants) with nasal irrigation with normal
saline, and the remaining 31 participants received the same
standard treatment alone (placebo group). All participants
were requested to record a symptom diary daily and were
followed up every week for 3 weeks. A physical examina-
tion and nPEFR were performed at each visit, and all daily
diary cards collected.
At the final visit after 3 weeks, the symptom diaries
were reviewed and participants were requested to
complete the PRQLQ again. nPEFR, radiography (Water’s
projection), and nasal smears were also repeated.
Daily diary for nasal symptom scores
Sinusitis symptoms were measured on a scale from 0 to 3 as
follows: 0, none (symptoms not noticeable); 1, mild
(symptoms noticeable but not bothersome); 2, moderate
(symptoms noticeable and bothersome some of the time);
and 3, severe (symptoms bothersome most of the time and/
or very bothersome some of the time). Four nasal symptoms
(rhinorrhea, nasal stuffiness/congestion, nasal itching, and
sneezing) and four non-nasal symptoms (eye itching/
burning, eye tearing/watering, eye redness, and itching of
ears or palate) were recorded by the patients themselves
every day unless they were too young (in general if they
were younger than 6 years), in which case the parents
helped. The total symptom score (TSS) was the sum of the
eight symptom scores recorded. Baseline TSS and each
symptom score were calculated as the mean daily score
during the baseline period of 7 days. Patients were followed
up after 1, 2, and 3 weeks of treatment.
PRQLQ
The PRQLQ has 23 items covering five areas: nasal symp-
toms, ocular symptoms, practical problems, other symp-
toms, and activity limitations. Each item is scored on
a scale from 0 to 6.18 The questionnaire can be completed
Table 1 Demographic characteristics and baseline data
for the two groups
Parameter Irrigation Non-irrigation p
Number 29 31
Sex
Male 18 (62.1) 24 (77.4) 0.31
Female 11 (37.9) 7 (22.6) 0.62
Age
Male 6.12  2.01 6.24  1.84 0.87
Female 6.30  1.24 6.18  2.29 0.99
Height (cm) 118.24  9.74 116.94  10.45 1.00
Weight (kg) 23.36  5.73 22.48  5.36 0.99
Personal history 14 (48.3) 15 (48.4) 0.80
AR 14 (48.3) 13 (41.9) 0.82
AD 2 (6.9) 6 (19.4) 0.30
AS 2 (6.9) 2 (6.5) 0.65
Family history 24 (82.8) 20 (64.5) 0.19
Father
AR 13 (44.8) 11 (35.5) 0.64
AD 3 (10.3) 1 (3.2) 0.56
AS 0 (0) 1 (3.2) 0.97
Mother
AR 10 (34.5) 11 (35.5) 0.85
AD 0 (0) 8 (25.8) 0.01*
AS 1 (3.4) 6 (19.4) 0.13
Siblings
AR 7 (24.1) 6 (19.4) 0.89
AD 1 (3.4) 2 (6.5) 0.95
AS 4 (13.8) 1 (3.2) 0.31
Data are presented as n (%) or mean  SD.
AD Z atopic dermatitis; AR Z allergic rhinitis; AS Z asthma.
* Significant difference between groups at a level of 0.05
(independent t test).
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than 6 years may need parental help.
nPEFR
nPEFR was measured using a Mini-Wright peak expiratory
flow meter equipped with a purpose-built face mask. The
mask was placed on the patient’s face and the seal with the
face was checked. The patient was instructed to blow his/
her nose forcefully after a deep inspiration while sitting
with his/her mouth firmly closed. This test was performed
three times and the highest value was recorded.
Nasal smear
The underside of the patient’s inferior turbinate was rub-
bed with a cotton wool bud and then smeared on a glass
slide. The slides were stained with Leu stain and examined
under a light microscope. An experienced cytologist blin-
ded to clinical status performed the assay. A minimum of
100 leukocytes were counted and the eosinophil and
neutrophil counts were expressed as a proportion of the
total number of leukocytes.
Water’s projection
All 120 sinuses (60 participants) were examined by Water’s
view radiography at baseline and during the final visit. The
radiologist was not aware of the history or clinical findings.
The radiology score for each of the maxillary sinuses was
divided into 32 areas and rated as 0 for opaque and 1 for
normal. Each maxillary sinus was scored separately and the
mean of the two scores was recorded. The score was
compared for baseline (pre-treatment) and final (post-
treatment) radiographs and the percentage improvement
was recorded.
SPT
Before children were enrolled in the study, an SPT was
performed for a standard battery of predefined aero-
allergens (Dermatophagoides pteronyssinus and Dermato-
phagoides farinae) placed on the forearm in a standardized
order. Two experienced allergy nurses performed all tests
using the same standardized procedure. The weal perim-
eter was transferred from the skin to paper using trans-
lucent tape. The results were classified as positive if the
mean diameter was 3 mm or more.
Nasal irrigation
Children assigned to the nasal irrigation group and their
parents were instructed in usage. The children in this group
irrigated each nostril with about 15-20 ml of normal saline
(0.9 g of NaCl in 100 mL of H2O) 1 to 3 times a day during the
treatment period, discontinuing irrigation 2 to 3 days
before the final visit. The normal saline solution was irri-
gated fast upward in a sitting or standing position, with the
head pulled back to allow the secretions to flow downward
from the nose without the patient breathing them in. Thesolution was immediately removed from the nose to mini-
mize any salty or burning feeling.
Statistical analysis
Analyses were carried out using SPSS 12.0 software (SPSS,
Inc., Chicago, IL, USA). All parametric data are expressed
as mean  SD. An independent-sample t test was chosen to
compare radiographic improvement between the groups.
The ManneWhitney U test was used to compare improve-
ments in nPEFR and mean TSS between the groups. It was
also used to compare mean TSS between the two atopy
groups. A p value <0.05 was considered significant.
Results
A total of 60 patients were enrolled and all completed the
study. The mean age was 6 (range 3e12) years. Twenty-nine
patients were assigned to the nasal irrigation group and 31
to the placebo group. There were no significant differences
in baseline demographics and health characteristics
between the groups, including age, sex, height, body
weight, and family and personal history of allergy (allergic
rhinitis, atopic dermatitis, and asthma) (Table 1).
Figure 2. Improvement in Pediatric Rhinoconjunctivitis
Quality-of-Life Questionnaire (PRQLQ) score. The irrigation
group showed a significant improvement in PRQLQ values
compared with the non-irrigation group after 3 weeks of
treatment. *p < 0.05, independent t test.
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nPEFR (t Z 2.96, p < 0.05) and PRQLQ values (t Z 2.053,
p < 0.05) after 3 weeks of treatment compared with the
placebo group (Figs. 1 and 2).
Although there was no significant difference in radio-
graphic improvement between the groups (t Z 0.545,
p > 0.05), the irrigation group experienced a greater
improvement than the placebo group (Fig. 3).
Mean changes in TSS from baseline are shown in Table 2.
There were no significant differences between the groups
except for nasal congestion and sleep quality. However, the
improvement in mean TSS was significantly better in the
irrigation than in the placebo group, with improvements in
rhinorrhea (daytime pZ 0.0027, nocturnal pZ 0.0156) and
cough (daytime pZ 0.0034, nocturnal pZ 0.0192; Tables 3
and 4).
Both groups showed a significant reduction in the
proportion of neutrophils and a significant increase in the
proportion of eosinophils in nasal smears after 3 weeks of
treatment. The cell components of nasal smears did not
significantly differ between the groups.Discussion
This study demonstrates that nasal irrigation with normal
saline is effective in the management of acute sinusitis in
atopic children. There was an improvement in nPEFR
values, mean PRQLQ values, mean TSS, and radiographic
scores. Most clinical trials have shown that nasal irrigation
is effective in children with chronic sinusitis and allergic
rhinitis,10e13 but there have been few clinical trials on the
efficacy in children with acute sinusitis.
This study shows that nasal irrigation is effective in
decreasing symptoms of sinonasal disease and improves
allergic-related quality of life. The exact mechanism of
action of saline nasal irrigation is unknown, but it may
improve nasal mucosa function through several physiolog-
ical effects, including: (1) direct cleansing19,20; (2)
a decrease in mucosal edema; (3) removal of inflammatory
mediators21,22; and (4) improved mucociliary function, asFigure 1. Improvement in nasal peak expiratory flow rate
(nPEFR). The irrigation group showed a significant improve-
ment in nPEFR compared with the non-irrigation group on
intermediate and final dates. *p < 0.05, paired-sample t test.suggested by increased ciliary beat frequency.12,23 The
irrigation group achieved a significant clinical improvement
in quality of life as measured by TSS and PRQLQ. Rabago
et al reported that patients with sinonasal symptoms who
used 2% saline daily in addition to routine care experienced
a 64% improvement in overall symptom severity compared
with patients who used routine care alone.24 Patients also
showed significant improvements in disease-specific quality
of life as measured by the Rhinosinusitis Disability Index
(RSDI), Sinus-Symptom Severity Assessment (SIA), and the
Sino-Nasal Outcomes Test (SNOT-20).25 Our study design
involved self-reporting of nasal and sinus symptoms using
self-report diaries (TSS) and questionnaires (PRQLQ). There
is a possibility that patients over-reported compliance.
However, given the positive study findings, we do not
believe that this was a notable problem.
Several studies have used saline solutions that differed
in tonicity and pH. In our study, irrigation with isotonic
saline (0.9%) was effective for atopic children with acute
sinusitis. It has been shown that hypertonic saline
decreases ciliary movement in human nasal epithelium
in vitro26 and increases mucociliary transit times.27 Homer
et al found that mucociliary clearance results were similar
when using isotonic and 3.0% hypertonic solution, but
observed a decrease in clearance for solutions of 5%Figure 3. Change in radiographic assessment (Water’s
projection). There was no significant difference between the
irrigation and non-irrigation groups (ManneWhitney U test).
Table 2 Comparison of total symptom score between the
groups
Symptom Non-irrigation Irrigation p
(n Z 31) (n Z 29)
Eye itching
Day Wk 1 0.41  0.72 0.37  0.61 0.9440
Day Wk 2 0.30  0.51 0.46  0.71 0.5075
Day Wk 3 0.33  0.55 0.35  0.55 0.7747
Night Wk 1 0.44  0.69 0.39  0.59 0.9744
Night Wk 2 0.27  0.47 0.45  0.74 0.7012
Night Wk 3 0.30  0.57 0.34  0.60 0.5708
Tears
Day Wk 1 0.13  0.47 0.06  0.21 0.4016
Day Wk 2 0.07  0.21 0.09  0.36 0.9103
Day Wk 3 0.08  0.25 0.05  0.20 0.6266
Night Wk 1 0.13  0.46 0.10  0.35 0.6424
Night Wk 2 0.04  0.15 0.07  0.29 0.7111
Night Wk 3 0.08  0.22 0.07  0.24 0.4523
Eye congestion
Day Wk 1 0.13  0.45 0.21  0.54 0.7975
Day Wk 2 0.07  0.23 0.17  0.42 0.2315
Day Wk 3 0.08  0.23 0.12  0.35 0.9818
Night Wk 1 0.04  0.12 0.18  0.53 0.8210
Night Wk 2 0.06  0.21 0.11  0.32 0.3655
Night Wk 3 0.11  0.26 0.11  0.31 0.6851
Rhinorrhea
Day Wk 1 0.81  0.73 0.85  0.67 0.6887
Day Wk 2 0.60  0.68 0.54  0.70 0.7267
Day Wk 3 0.53  0.53 0.57  0.65 0.9695
Night Wk 1 0.80  0.65 0.79  0.61 0.9822
Night Wk 2 0.52  0.54 0.55  0.69 0.8919
Night Wk 3 0.55  0.52 0.47  0.54 0.4471
Nasal congestion
Day Wk 1 1.14  0.74 0.71  0.71 0.0168*
Day Wk 2 0.97  0.77 0.52  0.60 0.0066*
Day Wk 3 0.94  0.75 0.58  0.52 0.0790
Night Wk 1 1.33  0.79 0.66  0.75 0.0012*
Night Wk 2 1.14  0.78 0.65  0.73 0.0085*
Night Wk 3 1.11  0.79 0.61  0.65 0.0208*
Nasal itching
Day Wk 1 0.63  0.70 0.62  0.68 0.9820
Day Wk 2 0.50  0.55 0.49  0.63 0.5952
Day Wk 3 0.53  0.52 0.46  0.58 0.3786
Night Wk 1 0.59  0.63 0.64  0.67 0.8811
Night Wk 2 0.47  0.55 0.50  0.67 0.9435
Night Wk 3 0.57  0.62 0.38  0.56 0.2663
Sneezing
Day Wk 1 0.67  0.43 0.65  0.62 0.3807
Day Wk 2 0.53  0.58 0.54  0.67 0.8333
Day Wk 3 0.60  0.53 0.42  0.54 0.0949
Night Wk 1 0.49  0.48 0.51  0.66 0.6668
Night Wk 2 0.41  0.51 0.41  0.68 0.5310
Night Wk 3 0.48  0.50 0.37  0.54 0.2374
Throat itching
Day Wk 1 0.33  0.53 0.07  0.14 0.1414
Day Wk 2 0.23  0.37 0.05  0.16 0.0976
Day Wk 3 0.23  0.46 0.07  0.18 0.1595
Night Wk 1 0.31  0.44 0.15  0.29 0.0530
Night Wk 2 0.20  0.37 0.07  0.17 0.2912
Night Wk 3 0.28  0.50 0.06  0.20 0.0632
Cough
Day Wk 1 1.17  0.65 0.98  0.61 0.3698
Day Wk 2 0.76  0.56 0.63  0.55 0.3466
Day Wk 3 0.71  0.49 0.52  0.46 0.2085
Night Wk 1 1.09  0.76 0.87  0.56 0.4225
Night Wk 2 0.67  0.70 0.61  0.55 0.9344
Night Wk 3 0.76  0.71 0.44  0.4 0.0628
Sleep quality
Wk 1 0.66  0.67 0.31  0.53 0.0177*
Wk 2 0.59  0.62 0.33  0.55 0.1025
Wk 3 0.47  0.56 0.26  0.46 0.0486*
Daytime sleep
Wk 1 0.31  0.55 0.21  0.41 0.8325
Wk 2 0.19  0.41 0.13  0.32 0.3131
Wk 3 0.18  0.48 0.12  0.31 0.9307
Activity
Wk 1 0.01  0.04 0.09  0.23 0.3429
Wk 2 0.00  0.00 0.00  0.00 1.0000
Wk 3 0.00  0.00 0.05  0.23 0.3272
Data are expressed as mean  SD.
* Significant difference between groups at a level of 0.005
(ManneWhitney U test).
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clearance is similar after irrigation with a solution buffered
to pH 8 or a non-buffered solution. Hence, the common
practice of adding sodium bicarbonate to the irrigating
solution as an alkaline buffer may be of use by increasing
tonicity but not by increasing pH.29 Hypersaline nasal
provocation leads to substance P release and glandular
secretion via stimulation of nociceptive nerves, which can
induce pain in patients.30 In our study, no significant side
effects were recorded in the isotonic saline irrigation
group.Hyperosmolar challenge leads to histamine release
and can be used as a simple diagnostic test for allergic
rhinitis and may provide a model for nasal hyper-reac-
tivity.31 In the same study, isotonic normal saline did not
cause these symptoms to result in hyperosmolar chal-
lenge.31 Similarly, the isotonic saline irrigation group had
no significant side effects in the current study.
Various studies have used different delivery systems,
including bulb syringes, irrigation pots,32 metered dose
pumps, and squeezable bottles with fixed nozzles and
detachable nozzles. In our study, high volumes of solution
were delivered via a syringe (15e20 mL) to irrigate each
nostril, which proved to be effective.5 Similarly, Pynonen
et al found that nasal irrigation performed with a large
volume and delivered with a low positive pressure was more
effective than saline sprays for the treatment of chronic
nasal and sinus symptoms in a community-based
population.33
Nasal saline irrigation reduces inflammatory mediators
(histamine, prostaglandin D2, and leukotriene C4) and
allergens in nasal secretions.22 Therefore, nasal washing
with saline is a cheap and effective method for treating
inflammatory conditions of the upper respiratory tract such
as the common cold, sinusitis, and allergic rhinitis. In our
study, significant decreases and increases in the proportion
of neutrophils and eosinophils, respectively, were observed
in nasal secretions from all participants after 3 weeks. Cell
Table 3 Improvement in total symptom score in the non-
irrigation group (n Z 31)
Symptom Wk 1 Wk 3 p
Eye itching
Day 0.41  0.72 0.33  0.55 0.2392
Night 0.44  0.69 0.30  0.57 0.1056
Tears
Day 0.13  0.47 0.08  0.25 0.2476
Night 0.13  0.46 0.08  0.22 0.4990
Eye congestion
Day 0.13  0.45 0.08  0.23 0.1609
Night 0.04  0.12 0.11  0.26 0.0821
Rhinorrhea
Day 0.81  0.73 0.53  0.53 0.0027*
Night 0.80  0.65 0.55  0.52 0.0156*
Nasal congestion
Day 1.14  0.74 0.94  0.75 0.0914
Night 1.33  0.79 1.11  0.79 0.1941
Nasal itching
Day 0.63  0.70 0.53  0.52 0.3440
Night 0.59  0.63 0.57  0.62 0.9095
Sneezing
Day 0.67  0.43 0.60  0.53 0.3728
Night 0.49  0.48 0.48  0.50 0.9514
Throat itching
Day 0.33  0.53 0.23  0.46 0.3482
Night 0.31  0.44 0.28  0.50 0.6787
Cough
Day 1.17  0.65 0.71  0.49 0.0034*
Night 1.09  0.76 0.76  0.71 0.0192*
Sleep quality 0.66  0.67 0.47  0.56 0.0773
Daytime sleep 0.21  0.41 0.12  0.31 0.2125
Activity 0.09  0.23 0.05  0.23 0.4982
Data are expressed as mean  SD.
* Significant difference between baseline and Wk 3 at a level
of 0.05 (Wilcoxon signed rank test).
Table 4 Improvement in total symptom score in the irri-
gation group (n Z 29)
Symptom Wk 1 Wk 3 p
Eye itching
Day 0.37  0.61 0.35  0.55 0.6189
Night 0.39  0.59 0.34  0.60 0.4064
Tears
Day 0.06  0.21 0.05  0.20 1.0000
Night 0.10  0.35 0.07  0.24 0.4652
Eye congestion
Day 0.21  0.54 0.12  0.35 0.0280*
Night 0.18  0.53 0.11  0.31 0.4652
Rhinorrhea
Day 0.85  0.67 0.57  0.65 0.0331*
Night 0.79  0.61 0.47  0.54 0.0049*
Nasal congestion
Day 0.71  0.71 0.58  0.52 0.2373
Night 0.66  0.75 0.61  0.65 0.9611
Nasal itching
Day 0.62  0.68 0.46  0.58 0.0238*
Night 0.64  0.67 0.38  0.56 0.0057*
Sneezing
Day 0.65  0.62 0.42  0.54 0.0052*
Night 0.51  0.66 0.37  0.54 0.1490
Throat itching
Day 0.07  0.14 0.07  0.18 0.9049
Night 0.15  0.29 0.06  0.20 0.0966
Cough
Day 0.98  0.61 0.52  0.46 0.0008*
Night 0.87  0.56 0.44  0.43 0.0005*
Sleep quality 0.31  0.53 0.26  0.46 0.3648
Daytime sleep 0.31  0.55 0.18  0.48 0.0850
Activity 0.01  0.04 0.00  0.00 0.1573
Data are expressed as mean  SD.
* Significant difference between baseline and Wk 3 at a level
of 0.05 (Wilcoxon signed rank test).
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groups. However, the nasal irrigation group experienced
effective relief of sinonasal disease symptoms and
improved allergic-related symptoms. Nasal irrigation may
directly cleanse the nasal mucosa and remove inflammatory
mediators. Therefore, the severity of sinonasal symptoms
was not associated with changes in nasal eosinophil and
neutrophil counts associated with inflammatory mediators
and allergens. Although we did not measure inflammatory
mediators and allergens in nasal secretions, this will be
considered in a future study.
Cotton swabs were used to collect nasal smear speci-
mens. This is a simple and inexpensive method, but false-
positive and false-negative results are common. Better
and more accurate results may be obtained if nasal
smears are taken with a rhinoprobe rather than a cotton
swab.
Some prospective nasal irrigation studies have shown
decreases in medication use overall,22 and specifically
antibiotic use.24 Our study design included antibiotic
treatment for all participants during the study. Therefore,
we did not measure any decreases in medication use in theirrigation group. In future studies, we will focus on short-
term use of antibiotics for sinusitis.
Our study is limited by the relatively small sample size,
undefined compliance rate, times per day of nasal irriga-
tion, and differences in disease severity. We did not
measure IgE or other serology parameters. Computed
tomography (CT) is better than Water’s projection radiog-
raphy for sinus assessment; however, CT would have added
the risk of radiation and increased the cost of performing
the study. In addition, the nature of our study did not allow
blinding, although we were diligent in our efforts to
prevent any experimental bias. The methodological
strengths of the study include low missing-data rates, a low
drop-out rate, additional testing such as nPEFR and radio-
graphic imaging, and a young mean age.
In conclusion, our study shows that nasal irrigation
isotonic saline improves the quality of life for pediatric
rhinoconjunctivitis and decreases acute sinusitis and
allergic-related symptoms. Nasal irrigation is an inexpen-
sive and effective adjunctive treatment for acute sinusitis
in atopic children. Larger and longer extended studies to
assess the conclusion are warranted.
Nasal irrigation in acute sinusitis in atopic children 69Conflicts of interest
All contributing authors declare no conflicts of interest.
References
1. Leo G, Piacentini E, Incorvaia C, Consonni D, Frati F. Chronic
rhinosinusitis and allergy. Pediatr Allergy Immunol 2007;
18(Suppl. 18):19e21.
2. Rachelefsky GS, Goldberg M, Katz RM, Boris G, Gyepes MT,
Shapiro MJ, et al. Sinus disease in children with respiratory
allergy. J Allergy Clin Immunol 1978;61:310e4.
3. Furukawa CT. The role of allergy in sinusitis in children. J
Allergy Clin Immunol 1992;90:515e7.
4. Tantimongkolsuk C, Pornrattanarungsee S, Chiewvit P,
Visitsunthorn N, Ungkanont K, Vichyanond P. Pediatric sinus-
itis: symptom profiles with associated atopic conditions. J Med
Assoc Thai 2005;88(Suppl. 8):S149e55.
5. Wang YH, Yang CP, Ku MS, Sun HL, Lue KH. Efficacy of nasal
irrigation in the treatment of acute sinusitis in children. Int J
Pediatr Otorhinolaryngol 2009;73:1696e701.
6. Kronemer KA, McAlister WH. Sinusitis and its imaging in the
pediatric population. Pediatr Radiol 1997;27:837e46.
7. Topal B, Ozsoylu S. Cocuklarda serum fizyolojik uygulanarak
sinu¨ zittedavisi. Turk Ilac¸ Tedavi Dergisi 1990;3:445e9 (in
Turkish).
8. Topal B, Ozsoylu S. Are antibiotics required for the treatment
of acute sinusitis in children. Yeni Tıp Dergisi 2001;18(Suppl):
58e60.
9. Ozsoylu S. Otit ve maksiller sinuzit tedavisi. Pediatride yenili-
kler. Turk Saglık Tedavi Vakfı Dergisi 1983:210e5 (in Turkish).
10. Tomooka LT, Murphy C, Davidson TM. Clinical study and literature
review of nasal irrigation. Laryngoscope 2000;110:1189e93.
11. Garavello W, Romagnoli M, Sordo L, Gaini RM, Di Berardino C,
Angrisano A. Hypersaline nasal irrigation in children with
symptomatic seasonal allergic rhinitis: a randomized study.
Pediatr Allergy Immunol 2003;14:140e3.
12. Talbot AR, Herr TM, Parsons DS. Mucociliary clearance and
buffered hypertonic saline solution. Laryngoscope 1997;107:
500e3.
13. Kim CH, Song MH, Young EA, Lee JG, Yoon JH. Effect of hypo-,
iso- and hypertonic saline irrigation on secretory mucins and
morphology of cultured human nasal epithelial cells. Acta
Otolaryngol 2005;125:1296e300.
14. Newman LJ, Platts-Mills TA, Phillips CD, Hazen KC, Gross CW.
Chronic sinusitis. Relationship of computed tomographic findings
to allergy, asthma, and eosinophilia. JAMA 1994;271:363e7.
15. Marks SC, Shamsa F. Evaluation of prognostic factors in endo-
scopic sinus surgery. Am J Rhinol 1997;11:187e91.
16. Krouse JH. Computed tomography stage, allergy testing, and
quality of life in patients with sinusitis. Otolaryngol Head Neck
Surg 2000;123:389e92.
17. Arshad SH, Tariq SM, Matthews S, Hakim E. Sensitization to
common allergens and its association with allergic disorders atage 4 years: a whole population birth cohort study. Pediatrics
2001;108. E33.
18. Juniper EF, Howland WC, Roberts NB, Thompson AK, King DR.
Measuring quality of life in children with rhinoconjunctivitis. J
Allergy Clin Immunol 1998;101:163e70.
19. Karadag A. Nasal saline for acute sinusitis. Pediatrics 2002;
109:165.
20. Kurtaran H, Karadag A, Catal F, Avci Z. A reappraisal of nasal
saline solution use in chronic sinusitis. Chest 2003;124:
2036e7.
21. Ponikau JU, Sherris DA, Kephart GM, Kern EB, Congdon DJ,
Adolphson CR, et al. Striking deposition of toxic eosinophil
major basic protein in mucus: implications for chronic rhino-
sinusitis. J Allergy Clin Immunol 2005;116:362e9.
22. Georgitis JW. Nasal hyperthermia and simple irrigation for
perennial rhinitis. Changes in inflammatory mediators. Chest
1994;106:1487e92.
23. Boek WM, Graamans K, Natzijl H, van Rijk PP, Huizing EH. Nasal
mucociliary transport: new evidence for a key role of ciliary
beat frequency. Laryngoscope 2002;112:570e3.
24. Rabago D, Zgierska A, Mundt M, Barrett B, Bobula J, Maberry R.
Efficacy of daily hypertonic saline nasal irrigation among
patients with sinusitis: a randomized controlled trial. J Fam
Pract 2002;51:1049e55.
25. Rabago D, Pasic T, Zgierska A, Mundt M, Barrett B, Maberry R.
The efficacy of hypertonic saline nasal irrigation for chronic
sinonasal symptoms. Otolaryngol Head Neck Surg 2005;133:
3e8.
26. Min YG, Lee KS, Yun JB, Rhee CS, Rhyoo C, Koh YY, et al.
Hypertonic saline decreases ciliary movement in human nasal
epithelium in vitro. Otolaryngol Head Neck Surg 2001;124:
313e6.
27. Daviskas E, Anderson SD, Gonda I, Eberl S, Meikle S, Seale JP,
et al. Inhalation of hypertonic saline aerosol enhances muco-
ciliary clearance in asthmatic and healthy subjects. Eur Respir
J 1996;9:725e32.
28. Homer JJ, Dowley AC, Condon L, El-Jassar P, Sood S. The effect
of hypertonicity on nasal mucociliary clearance. Clin Otolar-
yngol Allied Sci 2000;25:558e60.
29. Homer JJ, England RJ, Wilde AD, Harwood GR, Stafford ND.
The effect of pH of douching solutions on mucociliary clear-
ance. Clin Otolaryngol Allied Sci 1999;24:312e5.
30. Baraniuk JN, Ali M, Yuta A, Fang SY, Naranch K. Hypersaline
nasal provocation stimulates nociceptive nerves, substance P
release, and glandular mucous exocytosis in normal humans.
Am J Respir Crit Care Med 1999;160:655e62.
31. Krayenbuhl MC, Hudspith BN, Brostoff J, Scadding GK,
Guesdon JL, Latchman Y. Nasal histamine release following
hyperosmolar and allergen challenge. Allergy 1989;44:25e9.
32. Fagnan LJ. Acute sinusitis: a cost-effective approach to diag-
nosis and treatment. Am Fam Phys 1998;58:1795e6.
33. Pynnonen MA, Mukerji SS, Kim HM, Adams ME, Terrell JE. Nasal
saline for chronic sinonasal symptoms: a randomized controlled
trial. Arch Otolaryngol Head Neck Surg 2007;133:1115e20.
